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ABSTRACT 


Parsimony analysis was used to develop phylogenetic hypotheses for Rosidae and other nonmagnoliid do 
especially Asteridae. Rosidae were placed among “lower”? Hamamelidae as the sister group of Platanus and geris : 
daceae. “Higher” Hamamelidae (Fagales, Juglandales, and Casuarinaceae), Dilleniidae, and Asteridae nest Me eats 
paraphyletic Rosidae. With some expansion, the traditional Asteridae are monophyletic. For example, the nia pie 
Columellia was placed among Asteridae as the sister group of Caprifoliaceae. Asteridae were placed ‘al inc: 
group of Ericales among rosids circumscribed as Corniflorae in recent classifications of Dahlgren. Ae a ers 
was given to problematic groups that have been allied variously with Asteridae, Dilleniidae, and Rosidae. For És a 
Actinidiaceae and Fouquieriaceae were placed among Ericales. Loasaceae and Sarraceniaceae formed the ps = & gad 
of Hydrangeaceae in the Corniflorae grade of Rosidae. Dilleniidae were not monophyletic. For example, AS > di 
placed as the sister taxon of the rest of the Rosidae (including dilleniids and asterids), and Ochnaceae as ud 
taxon of Linales. Dilleniaceae and Theaceae form a monophyletic group with Paracryphia placed as the sister gr 
of Rhizophoraceae and Anisophylleaceae. 


TI a oo Dame ER AA A eee 


Rosidae are central to understanding phyloge- 
netic patterns among nonmagnoliid dicotyledons. 
As circumscribed by Takhtajan (1969, 1980, 1987) 
and Cronquist (1981, 1988), Rosidae may be para- 
phyletic with respect to Asteridae, Dilleniidae, and 
some Hamamelidae. To understand better the evo- 
lution and diversification of nonmagnoliid dicoty- 
ledons, more precise and viable hypotheses of re- 
lationships among these major groups are necessry. 

Rosidae have been considered **more advanced" 
than Magnoliidae and “‘less advanced" than As- 
teridae (Cronquist, 1981). Cunoniaceae, Rosaceae, 
and other members of the broadly circumscribed 
Rosales of Cronquist (1981; or Rosanae of Takh- 
tajan, 1987) have been considered primitive Rosi- 
dae because their morphological, anatomical, and 
chemical attributes are similar to those of many 
Hamamelidae. Hamamelidae (sensu Takhtajan, 
1980, 1987; Cronquist, 1981), however, may be 
polyphyletic (Crane & Blackmore, 1989). Rosidae 


may be nested, or positioned, among Hamamelidae, 


particularly among the so-called “lower” hama- 
melids, such as Hamamelidaceae and Platanacele 
(Hufford & Crane, 1989). Certain so-called “high- 
er” hamamelids, such as Fagales and Juglandales, 
have been suggested to be more closely — 
Rosidae than to “lower” Hamamelidae (Wo i 
1973, 1989, Hickey & Wolfe, 1975; Hickey 
Doyle, 1977; Thorne, 1976; Nixon, 1989). " 
Our understanding of rosid phylogeny may ^ 
complicated by the systematic treatment of eo 
dae. Takhtajan (1980, 1987) and Cronquist (1 y 
presented Dilleniidae as a monophyletic group A 
ed among Magnoliidae. Character analyses 0! P 
tatively primitive Dilleniidae and Rosidae have E 
attention to the similarities shared by these sc 
groups (e.g., Bate-Smith, 1973; Walker & rae 
1975; Cronquist, 1981; Wolfe, 1989), and Y . 
certainty often surrounds the placement of ee ; 
ular taxa in one or the other. These charac 
similarities and the uncertain placement d 
highlight the possibility of Rosidae and Dille 
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composing part of a more inclusive monophyletic 
group that is nested among Hamamelidae (cf. Ehr- 
endorfer, 1989). 

A monophyletic Rosidae may include taxa cir- 
cumscribed as Asteridae (sensu Cronquist, 1981). 
Recent discussions of the origin of Asteridae have 
focused on alternative placements among Rosidae, 
but no consensus has emerged about their rosid 
sister group. Cronquist (1988: 414; see also 1981) 
suggested that the origin of Asteridae “very prob- 
ably lies in the order Rosales." The similarly cir- 
cumscribed Asteridae in Takhtajan (1980) were 
illustrated to be the sister group of a branch in- 
cluding Cornales and Araliales; these groups to- 
gether were shown to originate among Saxifragales. 
The placement of Asteridae also depends upon their 
monophyly, which has been questioned repeatedly 
(Dahlgren, 1927; Wunderlich, 1959; Philipson, 
1974, 1975, 1977; Dahlgren, 1975, 1977). Jen- 
sen et al. (1975) allied the iridoid-containing as- 
terids with Cornales and Ericales and the noniri- 
doid-containing asterids with Araliales and Rutales. 
Hickey & Wolfe (1975) used leaf architectural 
data to suggest that some asterid taxa were most 
similar to Dilleniidae and others to Rosidae. Takh- 
tajan (1987) circumscribed asterids in three groups, 
Dipsacales, Lamiidae, and Asteridae sens. str., which 
he envisioned to have separate origins in or near 
Cornanae. 

Numerous problematic taxa may have important 
ramifications for our understanding of the evolution 
of nonmagnolüd dicotyledons. The systematic 
Placement of Ericales, Actinidiaceae, Fouquieri- 
aceae, Loasaceae, and Sarraceniaceae has been 
questioned repeatedly. They share iridoid com- 
pounds and embryological characteristics with some 
Asteridae and Rosidae, but Cronquist (1981, 1988) 
has placed them all in Dilleniidae. Similarly, Takh- 
tajan (1987) placed all of these taxa, except Loasa- 
ceae, among Dilleniidae. In contrast, Dahlgren 
(1977, 1980, 1983) circumscribed all of these 
taxa, except Loasaceae, in his superorder Corni- 
florae. He placed Loasaceae in a monotypic su- 
perorder allied with Corniflorae. If Dahlgren's Cor- 
niflorae and associated groups, such as Loasaceae, 
are the rosid groups most closely related to asterids, 
then the traditional placement of these problematic 
'axa among Dilleniidae may have limited our un- 
derstanding of Asteridae evolution. 

Broadly based cladistic analyses of rosids and 
Potentially related groups may begin to resolve the 
Problems outlined above. Large-scale studies of 

r taxa are important because they include the 
mosaic distribution of character states at this level 
and provide accurate tests of prior hypotheses of 


relationship for problematic groups suggested to 
have a range of alliances. Large-scale cladistic anal- 
yses of higher-level taxa provide more precise hy- 
potheses about relationships than current classifi- 
cations and, thus, critically set the stage for 
subsequent, smaller-scale studies by narrowing the 
set of ingroup and outgroup taxa that must be 
considered. This preliminary, exploratory investi- 
gation of Rosidae and allied groups focuses on: (1) 
testing hypotheses of monophyly for Asteridae and 
providing hypotheses about potential sister groups 
of asterids; (2) testing the placement of the prob- 
lematic Ericales, Actinidiaceae, Fouquieriaceae, 
Loasaceae, and Sarraceniaceae that have been al- 
lied with Dilleniidae, Rosidae, and Asteridae; and 
(3) developing hypotheses about relationships among 
rosid groups, giving special consideration to the 
placement of Dilleniidae and Hamamelidae. 


MATERIALS AND METHODS 
TAXA 


Eighty-five taxa (Table 1), including commonly 
accepted (e.g., in Takhtajan, 1969, 1980, 1987; 
Cronquist, 1981, 1988) members of the Hama- 
melidae, Dilleniidae, Asteridae, and Rosidae as well 
as numerous problematic taxa of uncertain system- 
atic placement, were investigated. Winteraceae 
served as the outgroup for polarizing character 
states and rooting cladograms. 

Families of Cronquist's (1981) Rosales are rep- 
resented by one or more taxa because this order 
may be paraphyletic and includes groups suggested 
to be basal in the subclass. Place-holders represent 
most other orders of Cronquist's (1981) Rosidae. 
The orders Haloragales, Podostemales, Rafflesiales, 
and Santalales are not included because they (1) 
are considered to be most closely related to or 
nested within one of the other included groups; (2) 
have exceptionally derived traits that are not crit- 
ical for understanding basal Rosidae and Asteridae 
or other problems outlined above; and (3) have not 
been implicated in the relationship of Rosidae to 
Hamamelidae, Dilleniidae, or Asteridae. 

Hamamelidae in the study include the “lower” 
hamamelids (except Eucommia) investigated by 
Hufford & Crane (1989); a set of “higher” hama- 
melids, such as Fagales and Juglandales, suggested 
recently to be more closely related to Rosidae than 
to “lower” hamamelids (Wolfe, 1973, 1989; Hick- 
ey & Wolfe, 1975; Hickey & Doyle, 1977; Thorne, 
1976; Nixon, 1989); and the problematic Buxa- 
ceae and Casuarinaceae. 

Sampling Dilleniidae is difficult because their 
monophyly is questionable; thus, the subclass may 
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TABLE 1. Taxa used in the phylogenetic analysis. TABLE 1. Continued. 


When particular taxa served as a basis for coding higher 
level groups they are indicated in parentheses. 


Actinidiaceae (Actinidia Lindley) 
Alangiaceae (Alangium sect. Conostigma Bloemb.) 
Alseuosmiaceae (Alseuosmia Cunn.) 
Anisophylleaceae (Anisophyllea R. Br. ex Sabine) 
Anodopetalum A. Cunn. ex Endl. 

Apiaceae 

Araliaceae 

Asteraceae 

Bauera Banks ex Andrews 

Betulaceae (Betula L.) 

Brunellia Ruiz & Pavon 

Bruniaceae 

Buxaceae (Buxus L. and Pachysandra Siebold & Zucc.) 
Campanulaceae 

Caprifoliaceae 

Casuarinaceae 

Celastrales (Celastraceae) 

Cercidiphyllum Siebold & Zucc. 
Clethraceae (Clethra L.) 

Columellia Ruiz & Pavon 

Connaraceae (Cnestis Juss.) 

Cornaceae 

Crassulaceae 

Crossosomataceae (Crossosoma Nutt.) 
Deutzia Thunb. 

Davidsonia F. Muell. 

Dilleniaceae (Dillenia L.) 

Ericaceae 

Escalloniaceae (Escallonia Mutis ex L.) 
Eucryphia Cav. 

Euphorbiales (Euphorbiaceae) 

Euptelea Siebold & Zucc. 

Fabaceae (Mimosoideae) 

Fagaceae (Fagus L.) 

Fouquieriaceae 

Garryaceae 

Geraniales (Oxalidaceae) 

Hamamelidaceae subfamily Altingioideae 
Hamamelidaceae subfamily Disanthoideae 
Hamamelidaceae subfamily Exbucklandoideae 
Hamamelidaceae subfamily Hamamelidoideae 
Hamamelidaceae subfamily Rhodoleioideae 
Hydrangea L. 

Juglandaceae (Engelhardia Leschen. ex Blume) 
Linales (Linaceae) 

Loasaceae (Mentzelia L.) 

Loganiaceae 

Myricaceae (Myrica L.) 

Myrothamnus Welw. 

Myrtales (Lythraceae) 

Nepenthaceae 

Nyssaceae (/Vyssa L.) 

Ochnaceae 

Paeonia L. 

Paracryphia Baker 

Penthorum L. 


Philadelphus L. 

Pittosporaceae 

Platanus L. 

Polemoniaceae (tropical genera emphasized in coding de- 
cisions) 

Polygalales (Malphighiaceae) 

Proteales (Proteaceae) 

Rhamnales (Rhamnaceae) 

Rhizophoraceae (Crossostylis Forster & Forster) 

Rhoiptelea Diels & Hand.-Mazz. 

Rosaceae (tribes Quillajeae and Spiraeeae) 

Rubiaceae 

Sapindaceae 

Sarraceniaceae (Heliamphora Benth.) 

Saxifragaceae 

Scrophulariaceae 

Solanaceae 

Spiraeanthemum A. Gray 

Staphyleaceae 

Tetracarpaea Hook. 

Tetracentron Oliver 

Theaceae 

Trochodendron Siebold & Zucc. 

Viburnum L. 


Winteraceae = 


not be represented adequately by a few place- 
holder taxa. Selecting putatively primitive f 
niidae as place-holders is problematic because prior 
phylogenetic hypotheses for the subclass may have 
been influenced heavily by suggestions that it orig- 
inated among Magnoliidae rather than among 
Hamamelidae or Rosidae. Dilleniaceae, Theaceae, 
Ochnaceae, and Paeonia are included to represent 
putatively basal dilleniid groups. and 
In order to test hypotheses of monophyly 
systematic placement for Asteridae, nine ma 
tatives of its major orders (sensu Takhtajan, 1969, 
1980, 1987; Cronquist, 1981, 1988) are included: 
The representatives include divergent groups 0*7 
tified in treatments by Takhtajan (1987), 
(1980, 1983), Dahlgren et al. (1981), and Thome 
(1976, 1981, 1983) in which asterids are ne 
monophyletic. i 
I accept provisionally the monophyly of mere 
families and orders discussed by Cronquist (198 , 
For example, Rosaceae are included despite their 
potential paraphyly; if higher rosid families 
orders actually nested within it also are include 
as terminal taxa, then misleading results may 5 
cur. The higher rosid orders, Celastrales, se 
ales, Linales, Myrtales, Polygalales, jagen 
Rhamnales, may be nested within other te 
taxa in the analysis. Prior phylogenetic h 


Volume 79, Number 2 
1992 


Hufford 221 


Phylogenetic Analysis of Rosidae 


for these groups are not sufficiently precise to de- 
termine their relationship with other terminal taxa. 
Hence, I opt to include various higher rosid families 
and orders to examine the composition of major 
clades. This analysis may serve subsequently as 
the basis for more detailed analyses of major rosid 
clades. 


CHARACTERS AND STATE CODING 


Structural and chemical data (Table 2) were 
obtained largely from the literature (sources in 
Appendix 1). Few characters with over 10% miss- 
ing data are included, and these are attributes (e.g., 
stomatal pattern) emphasized in prior systematic 
discussions of the taxa. Bruniaceae, Columellia, 
Paracryphia, Rhoiptelea, and Tetracarpaea, taxa 
that have proven difficult to place in traditional 
systematic treatments, are included, despite rela- 
tively extensive missing data, to provide provisional 
hypotheses about sister groups. Characters are cod- 
ed as missing (unknown) when no single state or 
pair of states could be reasonably hypothesized to 
be plesiomorphic for a particular taxon. Wood 
characters for Saxifragaceae and Crassulaceae are 
coded as missing because these groups are hy- 
pothesized to be primitively herbaceous, and, thus, 
wood characters are not applicable. Numerous taxa 
are coded as polymorphic for certain characters 
primarily because of variability in the genera and 
higher-level groups in the analysis. Multistate char- 
acters compose 47% of the total. 


DATA ANALYSIS 


Wagner parsimony was used to search for most 
parsimonious trees with PAUP (version 3.0, Swof- 
ford, 1989). Multistate characters were treated as 
unordered to provide the least biased approach 
possible for state evolution. Different taxon addition 
sequences, including simple, closest, and random 
(see Swofford, 1989, for details), were used to 
initiate trees for branch-swapping procedures, al- 

the most parsimonious trees were consis- 

tently found using simple sequences. To minimize 
computer run times, heuristic search procedures 
were performed using a sequential regime of branch- 
‘Wapping options, beginning with nearest-neighbor 
interchanges, followed by subtree pruning-regraft- 
mg, and concluded with tree bisection-reconnection 
(Swofford, 1989). All of the trees saved from a 
Prior swapping procedure were used to initiate a 
t swapping procedure. A consensus tree 

was formed using the strict option in PAUP (Swof- 
ford, 1989). MacClade (version 2.97c +, Maddison 
& Maddison, 1989) was used in conjunction with 


PAUP to explore character state evolution and 
alternative topologies. 


RESULTS AND DISCUSSION 


Fifty-six equally most parsimonious trees (con- 
sistency index = 0.18) with 682 character state 
changes were identified. The strict consensus tree 
(Fig. 1) shows that variation among the 56 equally 
most parsimonious trees is restricted to four regions: 
(1) among subfamilies of Hamamelidaceae; (2) 
among Hydrangea, Deutzia, and Philadelphus, 
representative genera of Hydrangeaceae; (3) among 
Fabaceae, Rhamnaceae, and Sapindaceae; and (4) 
among Rhoiptelea, Betulaceae, and the Casuari- 
naceae-Juglandaceae-Myricaceae clade. One of 
the 56 equally most parsimonious trees (Fig. 2) is 
used to discuss character state evolution. 

The Hamamelidae of Takhtajan (1980, 1987) 
and Cronquist (1981, 1988) are shown to be poly- 
phyletic (Fig. 2). “Lower” Hamamelidae (sensu 
Endress, 1986, 1989a; Hufford & Crane, 1989) 
are a paraphyletic assemblage at the base of Rosi- 
dae, and “higher” Hamamelidae (i.e., Fagales, Ju- 
glandales, and Casuarinaceae) are nested among 
Rosidae. Patterns of relationship among “lower” 
hamamelids reflect those shown by Hufford & Crane 
(1989). Buxaceae, a family sometimes placed in 
Rosidae (Scholz, 1964; Cronquist, 1981, 1988), 
form the sister taxon of Cercidiphyllum and My- 
rothamnus, with which they share a decussate leaf 
arrangement, unisexual flowers, and pollen with a 
papillate secondary tectal sculpturing. Drinnan et 
al. (1991) discussed the similarities of the Mid- 
Cretaceous fossil Spanomera with Buxaceae and 
Myrothamnus, and it may form part of the mono- 
phyletic group that includes those taxa and Cer- 
cidiphyllum. 

Rosids are placed among “lower” Hamamelidae 
as the sister group of Platanus and Hamameli- 
daceae. Derived features shared by rosids include 
flowers with a disc nectary, anthers with unbifur- 
cated stomia, and pollen with endoapertures (al. 
though all three attributes occur as parallelisms 
among Hamamelidaceae). The rosid group includes 
taxa circumscribed as Asteridae and Dilleniidae in 
recent treatments by Takhtajan (1980, 1987) and 
Cronquist (1981, 1988). 

Paeonia, often placed among dilleniids (e.g., 
Thorne, 1976; Cronquist, 1981; Takhtajan, 1980; 
Dahlgren, 1983), is a basal branch of Rosidae in 
my results (Fig. 2). In recent classifications, Thorne 
(1983) and Takhtajan (1987) transferred Paeonia 
from a position near Dilleniaceae to one near Glau- 
cidiaceae (near Berberidales and Nelumbonales). 
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TABLE 2. Character state assignments for taxa used in the phylogenetic analysis. Question marks indicate missing data. Characters and character states are listed 


in Appendix 1. 
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Euptelea 


Cercidiphyllum 
Myrothamnus 


Platanus 


Hamamelidoideae 
Disanthoideae 


Exbucklandoideae 
Rhodoleioideae 


Altingioideae 


Juglandaceae 
Myricaceae 
Fagaceae 
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Casuarinaceae 
Buxaceae 
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Rhoipteleaceae 
Bauera 


Anodopetalum 


Spiraeanthemum 


Brunellia 


Eucryphia 


Davidsonia 
Connaraceae 


Tetracarpaea 


Pittosporaceae 


Nepenthaceae 


Sarraceniaceae 


Crossosomataceae 
Sapindaceae 


Fabaceae 
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Anisophylleaceae 


Sapindaceae 
Alseuosmiaceae 
Rosaceae 
Rhizophoraceae 
Saxifragaceae 
Crassulaceae 
Penthorum 
Columellia 
Hydrangea 
Deutzia 
Philadelphus 
Escalloniaceae 
Alangiaceae 
Nyssaceae 
Cornaceae 
Garryaceae 
Loasaceae 
Ericaceae 


Fabaceae 
Bruniaceae 


Crossosomataceae 


Casuarinaceae 
Buxaceae 
Rhoipteleaceae 
Bauera 
Anodopetalum 
Spiraeanthemum 
Brunellia 
Eucryphia 
Davidsonia 
Connaraceae 
Tetracarpaea 
Pittosporaceae 
Nepenthaceae 
Sarraceniaceae 
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TABLE 2. Continued. 
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Araliaceae 
Dilleniaceae 
Paeonia 
Loganiaceae 
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Winteraceae 


Trochodendron 
Tetracentron 
Euptelea 
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Cercidiphyllum 
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Platanus 
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Hamamelidoideae 
Disanthoideae 


Exbucklandoideae 
Rhodoleioideae 


Altingioideae 


Juglandaceae 
Myricaceae 


Fagaceae 


Casuarinaceae 
Buxaceae 
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Fabaceae 


Bruniaceae 


Alseuosmiaceae 
Rosaceae 
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Anisophylleaceae 


0/1 
1/4 
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TABLE 2. 
Rhizophoraceae 
Saxifragaceae 
Crassulaceae 
Penthorum 
Hydrangea 
Philadelphus 
Escalloniaceae 
Alangiaceae 
Nyssaceae 
Cornaceae 
Garryaceae 
Loasaceae 
Ericaceae 
Fouquieriaceae 
Actinidiaceae 
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Viburnum 


Caprifoliaceae 


Polemoniaceae 
Asteraceae 
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Scrophulariaceae 


Theaceae 


Ochnaceae 


Paracryphia 
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Worsdell (1908) earlier suggested a relationship 
between Paeonia and Ranunculaceae, and Sawada 
(1971) argued that floral structure implied a po- 
sition among magnoliids. This cladistic analysis is 
not sufficiently inclusive to evaluate the placement 
of Paeonia among groups such as Ranunculaceae, 
Berberidales, and Nelumbonales. Extensive atten- 
tion has been given to the distinctive coenocytic 
proembryo of Paeonia (Cave et al., 1961; Murgai, 
1959; Yakovlev & Yoffe, 1957), but this auta- 
pomorphy currently has no bearing on our under- 
standing of its sister group relationship. The nec- 
tarial disc surrounding the base of the apocarpous 
gynoecium of Paeonia (Hiepko, 1965, 1966) is a 
derived feature shared by the rosid group (including 
dilleniids and asterids) but not by Magnoliidae (in- 
cluding Ranunculaceae, Berberidales, and Nelum- 
bonales). Corner (1946) was among the first to 
suggest that Paeonia was more closely related to 
Dilleniaceae than to Ranunculaceae or other Mag- 
noliidae. Corner (and more recently others), how- 
ever, emphasized attributes such as centrifugal an- 
droecial development, arillate seeds with a hard 
testa, and exstipulate leaves, which are present 
among rosids as well as Dilleniales and Theales 
(sensu Cronquist, 1981). 

The sister group of Paeonia comprises two groups 
(Fig. 2): (1) Crossosomataceae and their sister group 
(treated as the “core rosid group”) and (2) Bru- 
niaceae and their sister group (treated as the **Cor- 
niflorae-asterid group"). 


THE CORE ROSID GROUP 


Crossosomataceae, placed as the sister taxon of 
the rest of the core rosid group, have been allied 
with Paeonia, Ranunculaceae, Dilleniaceae, Ro- 
saceae, and Fabaceae. Kapil & Vani (1963) treated 
Crossosoma as more closely related to Dilleniaceae 
and Rosaceae than to Paeonia and Ranunculaceae. 
Richardson (1970) and DeBuhr (1978) used leaf 
and wood structure to ally Crossosomataceae more 
closely with Rosaceae than Dilleniaceae. Similarity 
indices based on chemical attributes showed Cros- 
sosomataceae to be equally similar to Paeonia, 
Dilleniaceae, and rosids (Tatsuno & Scogin, 1978). 
Crossosomataceae appear to have diverged little 
from the basic character states of the core rosid 
group, although its stipitate carpels and polyste- 
mony are parallelisms with those of other rosids. 

The Rosaceae-Crassulaceae-Saxifragaceae 
clade is supported by striate pollen and five-car- 
pellate gynoecia (although the carpel number for 
both Crassulaceae and Saxifragaceae was coded as 
polymorphic). Missing data may have influenced 
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by Cronquist (1981) as Asteridae, Dilleniidae, and Hamamelidae are indicated. (Key: A, Asteridae; D, 


Hamamelidae.) 


the placement of the Crassulaceae-Saxifragaceae 
group (including Penthorum). Crassulaceae and 
Saxifragaceae were considered primitively herba- 
ceous (see Hart & Koek-Noorman, 1989), and all 
wood characters were coded as nonapplicable (i.e., 
missing) for these taxa. Engler (1930) broadly cir- 
cumscribed Saxifragaceae to include the so-called 
"woody saxifrages," groups such as Escalloniaceae 
and Hydrangeaceae. My results show that “woody” 
saxifrages are more closely related to certain mem- 
bers of the Corniflorae—asterid group than to Sax- 
ifragaceae sens. str. (the “herbaceous” saxifrages). 


Dilleniidae: H. 


This is supported by chloroplast DNA data te 
& Palmer, 1992; Olmstead et al., 1992). sa 
gaceae sens. str. lack the iridoid chemistry x 
some embryological states that help to define : 
Corniflorae—asterid group. The Cra al 
ifragaceae group demonstrates evolution of ab d 
cellular endosperm and the formation of € 
haustoria parallel with members of the Con 
asterid group. This may help to explain a " 
alliance with groups such as Eocallonincen” a 
Hydrangeaceae. Penthorum has been ut assu- 
intermediate between Saxifragaceae and Cr 
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laceae (e.g., Agababian, 1961; Huber, 1963; Hi- 
deux & Ferguson, 1976; Grund & Jensen, 1981; 
Haskins & Hayden, 1987; Spongberg, 1972), al- 
though my results are consistent with suggestions 
(Dahlgren, 1930; Jay, 1970; Wakabayashi, 1970) 
that it is more closely related to the former. 

Some “higher” rosid orders and Dilleniidae are 
placed in the core rosid group between Cunoniaceae 
and Rosaceae, taxa hypothesized to be among the 
most primitive Rosidae (Dickison, 19892). This 
result might be expected, given that “higher” ro- 
sids often are suggested to **originate" among Ro- 
sales (e.g., Cronquist, 1981). Two caveats are 
needed with regard to the placement of “higher” 
rosid orders. First, the “higher” rosid orders ac- 
tually may nest within one of the represented ter- 
minal taxa. For example, Rosaceae may be a para- 
phyletic group with other recognized “families” or 
"orders" nesting within it. Including paraphyletic 
lerminal taxa in addition to monophyletic segre- 
gates may have caused misleading results. It is 
particularly important that the monophyly of pu- 
tatively primitive rosids such as Rosaceae and Cu- 
noniaceae (see Hufford & Dickison, in press) be 
more rigorously assessed. Second, additional core 
rosid taxa, especially those sharing derived char- 
acters with “higher” rosid orders, should be in- 
cluded to assess more reasonably the sister group 
relationships of higher rosids. 

The Euphorbiales are included to determine their 
placement when considered to be part of the rosid 
group. Euphorbiales have been allied with Celas- 
trales (Cronquist, 1981) and Geraniales (reviewed 
by Webster, 1987) among Rosidae, although they 
are perhaps most often placed among Dilleniidae 
near Malvales (Dahlgren, 1983; Dahlgren et al., 
198]; Takhtajan, 1980, 1987; Thorne, 1981, 
1983). My results place Euphorbiales as the sister 
group of Araliales (the Araliaceae—Apiaceae clade), 
A relationship supported by the presence of poly- 
acetylenes. If Euphorbiales are actually more close- 
ly related to higher dilleniids, then their inclusion 
in the analysis may have influenced the placement 
of Araliales, For example, Dahlgren et al. (1981) 

Araliales with Pittosporaceae, and they are 
often suggested (e.g., Huber, 1963) to be related 
to Cornales. Altering the cladogram topology to 
Place Pittosporaceae as the sister group of Araliales 
in the core rosid group adds only one character 
State change to the total number required for the 
most parsimonious trees. Changing the topology to 
Place a Pittosporaceae—Araliales clade in various 
Positions in the Corniflorae-asterid group adds five 
°F more character state changes. For example, 
Placing the Pittosporaceae-Araliales clade as the 
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sister group of the Cornales adds seven character 
state changes. Bate-Smith et al. (1975) and Lee 
& Fairbrothers (1978) suggested, however, that 
Araliales are only “remotely” related to Cornales. 
Restriction site mapping of the cpDNA inverted 
repeat (Downie & Palmer, 1992) and rbcL se- 
quence data (Olmstead et al., 1992) support the 
placement of Araliales among Asteridae. 

Recent investigations of Rhizophoraceae have 
segregated Anisophyllea R. Br. ex Sabine, Com- 
bretocarpus Hook. f., Poga Pierre, and Polygo- 
nanthus Ducke as the separate family Anisophyl- 
leaceae (Cronquist, 1981; Behnke, 1988; Juncosa 
& Tomlinson, 1988a, b; Tobe & Raven, 1987, 
1988a, b), although Vliet (1976, using wood anat- 
omy) and Vezey et al. (1988, using pollen struc- 
ture) identified three divergent groups in Rhizopho- 
raceae sens. lat. Tobe & Raven (1988a) 
hypothesized monophyly for Rhizophoraceae sens. 
str. on the basis of subdermally initiated laticifers 
in the gynoecial walls and colleters. Rhizophora- 
ceae sens. str. have been allied with Celastraceae 
and Elaeocarpaceae (Juncosa & Tomlinson, 1988a; 
Tobe & Raven, 1988b) and Anisophylleaceae with 
Myrtales (Tobe & Raven, 1988a). Anisophylle- 
aceae, however, lack intraxylary phloem and ves- 
tured pits, which are derived features of Myrtales. 
Many characters (including crassinucellate ovules, 
micropyles formed by both integuments, nuclear 
endosperm formation, exalbuminous seeds, and 
pollen two-celled at “‘maturity”) used by Tobe & 
Raven (1988a) to ally Anisophylleaceae with Myr- 
tales appear to be symplesiomorphies for the core 
rosid group. Dahlgren (1980, 1983) placed Aniso- 
phylleaceae in Corniflorae (largely equivalent to 
the non-Asteridae portion of the Corniflorae-as- 
terid group in my results). The unilacunar nodes, 
exstipulate leaves, and unitegmic ovules of Aniso- 
phylleaceae are present in some members of the 
Corniflorae-asterid group; however, it is more par- 
simonious to place the family as the sister group 
of Rhizophoraceae sens. str. in the core rosid group. 
My results demonstrate that it still may be rea- 
sonable to hypothesize monophyly for Anisophyl- 
leaceae and Rhizophoraceae sens. str. 

Anisophylleaceae and Rhizophoraceae are placed 
as the sister taxa of Paracryphia, Dilleniaceae, 
and Theaceae, although this relationship is weakly 
supported by a reversal to long imperforate ele- 
ments in wood. The bitegmic, tenuinucellate ovules 
of Theales (sensu Cronquist, 1981), such as Thea- 
ceae, Scytopetalaceae, Medusagynaceae, and Clu- 
siaceae, parallel those of some Rhizophoraceae sens. 
str. (e.g, Gynotroches Blume and Pellacalyx 
Korth; Juncosa & Tobe, 1988), and the unitegmic, 
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crassinucellate ovules of other Theales, such as 
Paracryphia, Oncothecaceae, and some Cary- 
ocaraceae, parallel those of some Anisophylleaceae 
(e.g., Anisophyllea and Combretocarpus; Tobe & 
Raven, 1987). 

Dilleniaceae, Theaceae, and Ochnaceae are in- 
cluded as place-holders to represent Dilleniidae 


and Theaceae on the basis of wood with long vessel 
elements and heterogeneous type I rays. Ochna- 
ceae appear to be more closely related to Linales 
than to these dilleniids (Fig. 1). Experimentally 
placing Ochnaceae as the sister group of the Para- 
cyphia-Dilleniaceae- Theaceae clade adds five 
character state changes. My results do not support 


the placement of Actinidiaceae, Fouquieriaceae, 
Loasaceae, Sarraceniaceae, and Ericales in Dillenii- 
dae as they are treated by Takhtajan (1980, 1987) 
and Cronquist (1981). The chemical, ovular, and 
endosperm attributes of these problematic taxa sup- 


(sensu Takhtajan, 1980, 1987; Cronquist, 1981, 
1988). The Dilleniaceae- Theaceae clade is sup- 
ported by basally connate ovaries and centrifugal 
polystemony (a parallelism with Paeonia). Para- 
cryphia is placed as the sister taxon of Dilleniaceae 


d 


FicURE 2. One of the set of equally most parsimonious cladograms requiring 689 character state changes. 
Clades B (core rosid group) and C (Corniflorae-asterid group) are sister groups positioned at the indicated points on 
clade A. The character state changes for each branch of A, B, and C are indicated below as follows: clade letter and 
branch number: character number-apomorphic state. 

Al: 6-1; 18-1; 23-2; 28-1; 31-1; 53-1; A2: 8-1; 27-1; 33-2; 35-1; 56-1; A3: 1-2; 23-0; 28-0; 48-1; A4: 5-1; 
9-1; 32-2; A5: 10-1; 17-1; 51-1; A6: 1-1; 56-3; 57-1; A7: 6-2; 7-1; 15-0; 34-1; 36-2; 39-1; 48-1; 60-2; A8: 2-1; 
12-2; 14-2; 21.1; 32.2; 35-1; A9: 6-0; 8.3; 27-1; 30-1; 31-0; 33-1; 35-2; 38-1; 39.3; 53-2; 55-1; 60-1; A10: 
1-0; 5-1; 18-2; 21-2; 49.1; All: 7-1; 18-6; 44-1; 56-2; A12: 9-1; 12-0; 14-1; 17-0; 28-0; 32-5; 34-1; 36-2; 45- 
1; A13: 22-1; 23.1; 44.1; 53-2; 54-1; A14: 5-0; 17-0; 21-1; 39-2; 45-1; 48-1; A15: 1-2; 7-1; 13-1; 14-2; 18-7; 
22-0; 40-1; 60-2; A16: 12-0; 15-0; 20.1; 32-4; 33-2; 35-2; 36-1; 49-1; A17: 33-3; 39-0; 46-1; 53-0; 54-0; A18: 
21-0; 27-2; A19: 6-2; A20: 39.1; A21: 11-1; 27-3; 31-0; 33-1; 37-1; 48-0; A22: 28-2; 56-3; A23: 18-3; A24: 
6-2; 23.3; 39.0; 55.1; A25: 6-0; 12-2; 27-2; 31-0; 32-6; 55-1; A26: 3-1; 11-1; 14-3; 16-1; 28-5; 50-1; A27: 18- 
4; 36-1; 37-1; A28: 11-2; 14-4; 28-4; A29: 30-1; 32-4; 33-3; 35-2; 41-1. 

Bl: 15-0; 28.3; 34-1; 39.1; 49.1; 50-1; B2: 59-1; B3: 1-1; 7-1; 17-2; 23-2; 27-0; 32-2; 52-1; 56-4; B4: 11- 
1; 14-1; 18-2; 34-1; 56-5; B5:4-1; 13-2; 15-0; 21-2; 27-3; 35-2; 60-1; B6: 12-1; 48-1; B7: 7-2; 24-1; 32-1; 56- 
1; B8: 11-0; 16-2; 33-2; 44-0; 52-1; B9: 18-5; 26-1; 28-3; 30-1; 45-1/2; B10: 35-1; B11: no changes; B12: 1-1; 
48-0; 49-1; B13: 32.3/4; B14: 13-1; 16-1; 35-3; 39-1; B15: 8-2; 28-1; B16: 17-0; 23-2; 24-1; 39-3; B17: 1-1; 
16-5; 59.0; B18: 7-2; 12-2; 32-5; 45-2; 53-0/1; B19: 5-1; 18-0; 48-0; B20: 56-7; B21: 12-2; 13-0; 38-1; 39-3; 
45-1; 50-1; B22: 16-2; 20-1; 42-1; B23: 7-2; 30-1; 32-3; 35-2; B24: 3-1; 11-0; 14-1; 17-0; 26-1; B25: 15-2; 16- 
4; 39-2; 60-4; B26: 2-1; 7-0; 13-0/2; 27-0; 28-4; 45-2; B27: 1-2; 38-1; 47-1; 59-0; B28: 6-2; 21-1/2, 37-0; 49- 
l; B29: 3.1; 5.0; 14-3; 18-2; 19.1; 32-4; 33-3; 41-1; 50-1; B30: 28-2; 32-6; B31: 12-2; 15-1; 42-1; 48-1; 56- 
1/3; 59-1; B32: 16-4; 18-6; 30-1; 56-8; B33: 12-2; 20-1; 45-2; B34: 1-1; 2-1; 23-2; 26-1; 49-1; 50-1; 56-1/3; 
B35: 3.1; 5.1; 32.5; 39.2: 47-1; B36: 8-2; 13-2; 24-1; 34-1; B37: 7-2; 15-2; 18-7; 28-1; 60-3; B38: 3-0; 26-1; 
33-2/3; 38-2; 47.0; 48-0; B39: 5-0; 20-0; 32-3; 56-1; B40: 32-1; 35-2; B41: 3-1; 7-3; 8-2; 25-1; B42: 33-1; 35- 
l; 39-3; B43: 12-2; 13-2; 42.1; 48-0; 56-0; 60-1; B44: 14-1; 16-2; 18-1; 23-2; 32-0; B45: 13-2; 17-0; 49.1; 
B46; 2-2; 13-0; 22.0; 37-0; 41-1; 56-3; B47: 11-0; 12-0; 18-0; 30-0; B48: 16-1; 23-1; 28-5; 32-6; B49: 7-2; 14- 
3; 35-0/1; B50: 1-1; 13-1; 15-0; 30-1; 39-0; 42-1; 56-4; B51: 14-4; 33-3; 39-2; 48-0; 60-2; B52: 32-2; 41-1; 
45-2; B53: 2-1; 5.1; 28-3; 35-3; 38-1; 52-1; 56-6; B54: 5-1; 7-1; 11-1; 52-1; B55: 2-1; 13-0; B56: 8-2; 28-3; 
39-0; B57: 33-1; B58: 21-2; 22-0; 35-1; 39-3; B59: 7-0; 8-2; 11-0; 15-0; 24-1; 32-6; B60: 3-1; 18-0/3; 23-1; 
37-0; B61: 7.2; 11-2; 14-2; 32-4; B62: 21-1; 60-4; B63: 12-2; 18-2; 28-2; 33-2; 35-3; 56-0; 59-0; B64: 18-7; 
23-1; 32-4; 45-2; 60-2; B65: 3-1; 8-2; 17-0; 24-1; 38-1; B66: 14-3; 22-0; 23-3; 27-0; 28-1; 37-0; 39-3; 43-1; 
49-1; 52.0; 56-4; B67: 16-4; 21-1; 32-3; 33-3; 56-5; B68: 14-4; 53-0; 54-0; 58-1; 59-2; B69: 15-2; 16-1; 33- 
2; 37-1; 41-1; B70: 7-2; 23-2; 38-2; B71: 3-1; 18-0; 39-2; 53-2; B72: 5-0; 14-2; 21-1; B73: 1-1; 2-2; 8-2; 11- 
2; 12-2; 30.0; 38-3; B74: 18-1; 39-4; 40-1; 41-1; B75: 7-1; 16-0; 60-3; B76: 3-1; 13-2; 14-4; 33-3. 

Cl: 12-0; 39.2/3; 48-1; 60-2; C2: 25.1; 35-3; 42-1; C3: 12-1; 14-3; 16-4; 26-1; 39-1; 56-6; 59-2; 60-4; C4: 
1-1; 24-1; Cs: 5.1; 18-0; 52-1; 56-3; 59-1; C6: 14-4; 16-2; 44-0; 60-1; C7: 1-0; 6-1; 7-2; 25-0; 30-0; C8: 7-3; 
11-1; 23-2. 38-3; 39.2; 42.0; 50-1; 60-3; C9: 2-1; 8-2; 16-1; 21-2; 22.0; 27-0; 35-2; 44-1; 57-1; C10: 12-0; 13- 
l; 17-0; 18.0; 59.1; C11: 13-2; 15-2; 16-4; 25-1; C12: 11-0; 14-2; 38-0; 49-1; 56-8; C13: 2-1; 16-0; 30-1; 50- 
0; C14: 8-2; 23.1; 24.0; 28-4; 37-0; 38-1; 42-1; C15: 14-0; 28-4; 32-2; C16: 2-1; 6-2; 12-1; 16-1; 18-0; 35-2; 
22-l; 54-0; C17: 7-0; 8-2; 26-1; 30-1; 32-6; 39-1; 48-1; C18: 14-3; C19: no changes; C20: 6-1; 23-2; 46-0; 56- 
8; 59.1: C21: 24-0; 32-3; 56-1; 59-1; C22: 4-1; 16-0; 33-0; 56-7; C23: 11-2; 13-1; 15-0; 28-3; 38-3; 50-1; C24: 
11-2; 33.0; C25: 28.4; 32.3; 49.1; C26: 12-0; 14-2; 15-0; 18-0; 56-6; 59.2; C27: 39.1; 41-0; 45-1; C28: 12-1; 
16-0; 32.1; C29: 11-0; 49.0; C30: 7-1; 21-2; 25-0; 27-0; 28-3; 32-0; 35-2; 52-1; C31: 18-1; 20-1; 24-0; 48-1; 
50-1; C32: 15-2; 29.1; C33: 18-1; 44-1; 46-0; C34: 1-0; 7-2; 8-2; 16-3; 29-0; 38-3; 47.1; C35: 17-2; 32-3; 50- 
l; 53.0; 54-0; C36: 13.1; 16-1; 60-0; C37: 59-1; C38: 7-2; 16-3; C39: 18-5; 46-0; 50-1; 53-1; 56-4; C40: 16- 
4 33-3; 47-1; C41: no changes; C42: 15-1; 29-0; 32-6; 53-2; 56-6/8; C43: 1-0; 18-1/2; 38-2; 39-4; 45-2; 59- 
^ 60-2; C44: 2.1; 5.1; 12-1; C45: 18-1/5, 44-1; 50-1; C46: 15-0; 33-3; 39-1; C47: 8-2; 15-1; 48-1; 57-1; C48: 
Geant 49-1; C49: 11-0; 32-3; 42-0; 60-3; C50: 5-0; 18-0; 59-2; €51: 11-1; 13-0; 18-6; 39-0; 46-0; C52: 32- 

+ + 60-4, 
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port their placement in the Corniflorae—asterid 
group. Marcgraviaceae, although not included in 
my investigation, also may be more closely related 
to members of the Corniflorae—asterid clade than 
to Theales, among which it is commonly placed 
(e.g., Cronguist, 1981; Dahlgren, 1983; Thorne, 
1983; Takhtajan, 1987). The bitegmic, tenuinu- 
cellate ovules of Marcgraviaceae are compatible 
with those of Theales and the Corniflorae—asterid 
group, but its integumentary endothelium, cellular 
endosperm, and endosperm haustoria (Mauritzon, 
1939; Swamy, 1948a) are attributes generally 
found in combination only in the latter. Marcgra- 
viaceae warrant examination for iridoid com- 
pounds, which might help to support a hypothesis 
of relationship to the Corniflorae-asterid group. 

Core Cunoniaceae, represented by Anodopeta- 
lum and Spiraeanthemum, form a monophyletic 
group along with Bauera and Brunellia, support- 
ing the results of a phylogenetic analysis of the 
family by Hufford & Dickison (in press). The more 
inclusive analysis by Hufford & Dickison has shown 
Eucryphia to be nested within Cunoniaceae and 
not its sister group as might be interpreted from 
these results (Fig. 1). The Cunoniaceae clade, in- 
cluding Bauera, Brunellia, and Eucryphia, is sup- 
ported by small pollen grains. 

The close placement of Rhizophoraceae and Cu- 
noniaceae is interesting, given the interpetiolar stip- 
ules (often enclosing the terminal bud and some- 
times associated with colleters) in both groups. 
Dialypetalanthus Kuhlm., generally placed in the 
monotypic Dialypetalanthaceae allied with Myr- 
tales and Rubiaceae (Cronquist, 1981; Rizzini & 
Occhioni, 1949), has interpetiolar stipules and oth- 
er attributes similar to Cunoniaceae and Rhizopho- 
raceae. Although Juncosa & Tomlinson (1988a) 
regarded suggestions of relationship for Rhizopho- 
raceae sens. str., Cunoniaceae, and Dialypetalan- 
thaceae as “indefensible,” this warrants testing in 
a broadly based phylogenetic analysis that includes 
Myrtales and Rubiaceae. 

Cunoniaceae are placed as the sister group of 
a clade consisting of Davidsonia, Fagaceae, and 
other taxa often considered to be “higher” Hama- 
melidae (Fig. 1). This result supports contentions 
that “higher” hamamelids are more closely related 
to rosids than to “lower” hamamelids (Wolfe, 1973, 
1989; Hickey & Wolfe, 1975; Hickey & Doyle, 
1977; Nixon, 1989). Although Fagaceae-Betula- 
ceae, Juglandaceae—Myricaceae—Rhoipteleaceae, 
and Casuarinaceae are commonly discussed as three 
separate monophyletic groups (e.g., Cronquist, 
1981), they are seldom placed in a single group 
as shown by my results (although, see Stone & 
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Broome, 1971, 1975; Zavada & Dilcher, 1986; 
Kedves, 1989; Nixon, 1989). Fagaceae and their 
sister group are defined by chalazalogamy (not 
present in all Fagaceae) and nonpersistent endo- 
sperm. Betulaceae and their sister group share 
pollen traits, including poroid apertures and poorly 
developed columellae (**granular" columellae sensu 
Zavada & Dilcher, 1986). Zavada & Dilcher (1986) 
identified other pollen characteristics, including a 
microchanneled tectum and thin footlayer, that 
may help define this group (these attributes are not 
included in this analysis because of insufficient sam- 
pling among other rosids). 


THE CORNIFLORAE—ASTERID GROUP 


Ovular traits are important for developing hy- 
potheses about relationships in the Corniflorae- 
asterid group as emphasized by Dahlgren (1975). 
The Corniflorae-asterid group, consisting of Bru- 
niaceae and their sister group (Fig. 2), shares uni- 
tegmic ovules. Although Bruniaceae retain cras- 
sinucellate ovules, their sister group is defined by 
tenuinucellate ovules. Among Cornales, Garry: 
aceae, Alangiaceae, and Cornaceae have a reve 
to crassinucellate ovules. Fouquieria has a reversal 
to bitegmic ovules but has retained its single-lay- 
ered nucellus. , 

Dahlgren (1975) also used endosperm attributes 
to circumscribe Corniflorae (a group corresponding 
largely to the nonasterid members of the pd 
florae—asterid group of Fig. 2). The presence 9 
initio cellular endosperm defines the sister group 
of Escallonia, although reversals to nuclear en- 
dosperm occur in some members of this group (€-8- 
Garryaceae, Loganiaceae, Pittosporaceae, and 
emoniaceae). Some of the taxa in this group ps 
polymorphic for endosperm formation (e.g. ^* 


teraceae, Solanaceae, Rubiaceae, and ra 
aceae). The ab initio cellular endosperm © i 
a 


Corniflorae-asterid group is a reversal to 
present among “lower” hamamelids (which i 
have retained it from Magnoliidae; cf. Dahlg 2 
1975). The formation of endosperm hans 
not used as a character because of limited 
availability, but mapping its occurrence a €: 
cladogram indicates numerous parallel — 
likely. Although lost in Actinidia, endosperm pe 
toria are shared by most members of the eri 
clade, including Fouquieria. 
The ee of Alseuosmiaceae (Fig. pie 
flects Takhtajan's (1980) classification in ¥ 
they are listed between Bruniaceae and Pg) 
monaceae. Airy Shaw (1973) and Gardner ( X 
noted affinities between them and Escalloni 
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Many members of the Corniflorae—asterid group 
retain a suite of wood attributes generally consid- 
ered to be “primitive,” but Alseuosmiaceae have 
derived tendencies toward raylessness and scarcity 
of axial parenchyma (Dickison, 1986c). Other 
members of the Corniflorae—asterid group, such as 
Loasaceae, Polemoniaceae, and Scrophulariaceae 
(Carlquist, 1988, 1992), also have trends toward 
raylessness and/or scarcity of axial parenchyma, 
which have been associated with paedomorphic wood 
evolution (Carlquist, 1962). Paedomorphosis must 
have occurred numerous times in wood of the Cor- 
niflorae-asterid group. 

The Cornales (represented by Garryaceae, Alan- 
glaceae, Nyssaceae, and Cornaceae) are defined 
by uniovulate carpels (parallel with some core ro- 
sids), fleshy (berry- to drupelike) fruits, and camp- 
todromous secondary venation in leaves. A reversal 
to crassinucellate ovules also supports the clade, 
although Nyssaceae are secondarily tenuinucellate. 
Among Nyssaceae, Nyssa and Camptotheca are 
tenuinucellate, and Davidia is crassinucellate (Mo- 
hana Rao, 1972a; Schmid, 1978a; Tandon & Herr, 
1971). Based on Eyde’s (1988) phylogenetic hy- 
pothesis for Nyssaceae, the thick nucellus of Davi- 
dia is a parallelism with that of other Cornales. 
Two additional features, endosperm with hemicel- 
lulose and the formation of a nucellar cap, also 
may support the hypothesis of monophyly for Cor- 
nales, but neither was used in this analysis because 
of limited data availability. 

My results support Eyde’s (1988) placement of 

rnaceae and Nyssaceae as sister groups on the 
basis of shared foveolate pollen exine. Alangiaceae 
share with Cornaceae and Nyssaceae reversals to 
long vessel and imperforate elements in their wood 
(Adams, 1949; Titman, 1949; Metcalfe & Chalk, 
1950; Li & Chao, 1954, report shorter measure- 
ments for Alangiaceae than other authors). Garrya 
diverges from other Cornales in floral attributes. 
The dioecy, loss of a nectary, and other floral 
simplifications probably are associated with the evo- 
lution of wind pollination in Garrya (see Dahling, 
1978). Dahling (1978) suggested that pollen of 
Gar rya strongly resembles that of Cornaceae, but 
it differs in having a papillate secondary tectal 
sculpture that parallels that of Euptelea, Buxa- 
ceae, Cercidiphyllum, and Myrothamnus. Paliwal 
& Kakkar (1970) noted that Garrya diverged from 

ceae in unique leaf features. 

Actinodromous leaf venation and basifixed an- 
thers support the monophyly of Cornales, Hydran- 
pre (represented by Hydrangea, Deutzia, and 
Pr pg Loasaceae, and Sarraceniaceae (Fig. 

e a Hydrangeaceae-Loasaceae-Sarraceni- 
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aceae group is supported by diplostemonous an- 
droecia, although Loasaceae are coded as poly- 
stemonous. Diplostemony is present among 
Loasaceae only in Schismocarpus (Hufford, 1989, 
1990). A generic-level cladistic analysis of Loasa- 
ceae, however, has shown polystemony to be ple- 
siomorphic for the family even when the outgroup 
is coded as diplostemonous (Hufford, unpublished 
results). Among Sarraceniaceae, only Heliam- 
phora includes diplostemonous members (Maguire, 
1978). Both Darlingtonia and Sarracenia are 
polystemonous (Maguire, 1978). Based on Than- 
ikaimoni & Vasanthy’s (1972) and Maguire’s 
(1978) hypothesis that Heliamphora is the most 
primitive member of Sarraceniaceae, the family 
was coded using it. The Loasaceae-Sarraceniaceae 
clade is supported by tricarpellate gynoecia. Coding 
for gynoecial states is based on Mentzelia for Loa- 
saceae and Heliamphora for Sarraceniaceae, al- 
though both families have variation in gynoecial 
merosity, with five carpels being the most common 
in each. 

Loasaceae have been placed in Dilleniidae in 
some treatments (e.g., Gilg, 1925; Cronquist, 1981) 
largely on the basis of their parietal placentation 
and putatively centrifugally developing polystemo- 
nous androecia. Various androecial developmental 
patterns are present among Loasaceae, but none 
are strictly centrifugal (Hufford, 1990). Those 
Loasaceae with a centrifugal phase during androe- 
cial development actually begin with centripetal 
development and have complex androecia that are 
probably derived within the family. Emphasis has 
been given to trichomes in taxonomic studies of 
Loasaceae, although they have not been used to 
develop hypotheses of relationship for the family 
because of their presumed uniqueness. Among 
Loasaceae, the tuberculate trichomes with and 
without a prominent pedestal of basal cells may be 
homologous with similar tuberculate trichomes, in- 
cluding some with distinct basal cells, of Hydran- 
geaceae (Hardin & Pilatowski, 1981). Loasaceae 
and Hydrangeaceae are among the few groups 
found to possess 10-carboxyl (and 10-decarbox- 
ylated) iridoids (Dahlgren et al., 1981). Other groups 
with these iridoid forms include Ericaceae, Ole- 
aceae, Retziaceae, Stilbaceae, and Verbenaceae. 
Seco-iridoids are present in Loasaceae and Sar- 
raceniaceae as well as in Hydrangeaceae, Gen- 
tianales, Dipsacales, and a few other members of 
the Corniflorae-asterid group (Dahlgren et al., 
1981). 

Sarraceniaceae have been allied with magnoliids, 
such as Ranunculaceae and Papaveraceae (Lind- 
ley, 1847; Thanikaimoni € Vasanthy, 1972; 
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Takhtajan, 1980), or dilleniids, such as Theales 
and Parietales (Markgraf, 1955; DeBuhr, 1977). 
This analysis does not test the placement of Sar- 
raceniaceae among magnoliids, but its evolution 
among them seems unlikely given its derived fea- 
tures. Sarraceniaceae have been allied with Nepen- 
thaceae in some classifications (e.g., Cronquist’s, 
1981, Nepenthales) on the basis of shared ascidiate 
leaves involved in insectivory. My results, which 
place Nepenthaceae in the core rosid group, are 
not consistent with those classifications. 

Although Sarraceniaceae are placed as the sister 
taxon of Loasaceae in these results, I call attention 
to their potential evolution among Ericales. De- 
Candolle (1873) noted similarities among Sarra- 
ceniaceae and Monotropoideae and Pyroloideae of 
Ericaceae. Jensen et al. (1975) more recently called 
attention to similarities between Sarraceniaceae and 
Ericales. For example, the placentation of Sarra- 
ceniaceae, Monotropoideae, and Pyroloideae is ax- 
ile in the lower part of the gynoecium and parietal 
in the upper (Abbott, 1936; Maguire, 1978; Huf- 
ford, unpublished obs.). Inversion of the anthers is 
common among Ericales, although it has not been 
described for Cyrillaceae. Anther inversion occurs 
relatively early during stamen development among 
most Ericales, although in Clethra and some Eri- 
caceae it occurs at anthesis. In Sarraceniaceae, 
anther inversion at anthesis occurs in Heliamphora 
(Maguire, 1978), although it is unknown in Dar- 
lingtonia and Sarracenia. The umbrellalike stigma 
of Sarraceniaceae may represent an elaboration of 
the capitate stigma common among Ericales. Nu- 
merous cells of the flowers of Sarraceniaceae and 
Ericales are tanniferous (Hufford, unpublished obs.). 
These attributes are notably not shared by Sar- 
raceniaceae and Loasaceae, but may be derived 
states shared by the former and some Ericales. 
Within Sarraceniaceae, Loasaceae, and Ericales, 
gynoecia with three to five carpels are present. 

The clade composed of Ericales (with Fouquieri- 
aceae) and Asteridae (with Pittosporaceae and Col- 
umellia)is supported by unilacunar nodes and sym- 
petally (Fig. 2). Unilacunar nodes and sympetaly 
were used historically to hypothesize monophyly 
of Asteridae. Both traits occur as parallelisms in 
Escallonia. 

The core ericalean groups, Clethraceae and Er- 
icaceae, form part of a monophyletic group in- 
cluding Actinidia and Fouquieriaceae. Fouquieri- 
aceae have been allied primarily with parietalean 
dilleniids (Bentham & Hooker, 1862; Niedenzu, 
1895; Behnke, 1976; Cronquist, 1981; Takhtajan, 
1980, 1987). Various chemical compounds, in- 
cluding ellagitannins and iridoids, in Fouquieri- 
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aceae do not support their placement in Dilleniidae 
(Bate-Smith, 1964; Scogin, 1977, 1978, Jensen 
& Nielsen, 1982). Dahlgren et al. (1976) used the 
chemical profile, polyandrous flowers, and tricar- 
pellate gynoecia of Fouquieriaceae to suggest they 
were more closely related to Ericales (as part of 
Dahlgren's Corniflorae) than to dilleniids, which is 
consistent with my results and those of Olmstead 
et al. (1992). 

Nash (1903), Henrickson (1967), Thorne (1977, 
1981, 1983) and Downie & Palmer (1992) allied 
Fouquieriaceae with Polemoniaceae, which is es- 
pecially interesting when the former is compared 
with Acanthogilia [Gilia] gloriosa. Nash ( 1903) 
suggested that Fouquieriaceae were similar to Gilía 
located in the same area. Acanthogilia is a basally 
branched shrub of north-central Baja California 
(Day & Moran, 1986). It is similar to Fouquieri- 
aceae not only in its overall shoot morphology but 
also in its long shoot/short shoot dimorphism and 
leaf development. Leaves on long shoots of Acan- 
thogilia sclerify as spines. Short shoots arise ™ 
the axils of spinose leaves. The leaves formed on 
short shoots have deciduous blades but persistent 
bases reminiscent of Fouquieriaceae. The pollen of 
both Fouquieria and Acanthogilia is colporate 
with a reticulate exine. Neither of these genera has 
the specialized pollen characteristics of many Fo“ 
emoniaceae. Day & Moran (1986: 125) suggested 
that Acanthogilia is most closely related to Cantua 
in being a “specialized desert descendant of a dip- 
loid line also ancestral to Cantua,” although > 
shares numerous derived features with F ouquier w 

My results place Polemoniaceae and Pittospors- 
ceae as the sister group of the rest of pero 
and Fouquieriaceae as the sister group of the r á 
of Ericales (Fig. 1). Chloroplast DNA sequence d 
(Olmstead et al., 1992) currently support the i 
pothesis that Fouquieriaceae and Pok 
are part of a monophyletic Ericales. Polemoniac 
and asterids have distinctly epipetalous stamen“ 
Epipetalous stamens are derived in some eric = 
groups, but none were coded with this state I y 
analysis. The tricarpellate gynoecia and loculic 
capsules of Polemoniaceae are characteristic 
Ericales, such as Clethraceae, but not of aste 
which tend to have bicarpellate gynoec!# and jeu 
ticidal capsules. Iridoid compounds have been 
among Ericales (e.g., in Cyrillaceae and 
ceae) and asterids. Some of the specialize" wt 
of Polemoniaceae and the ericalean Epacrida 
are quite similar. Asterids that lack iridoids ge 
erally synthesize polyacetylenes and/or up 
alkaloids (Dahlgren et al., 1981; Gershenzon © 
Mabry, 1983), but this is not true of P 


Volume 79, Number 2 
1992 


aceae. Polemoniaceae, Clethraceae, and the Mono- 
tropoideae and Pyroloideae of the Ericaceae were 
the only groups to form both ketose and isoketose 
oligosaccharides in a broad survey by Pollard & 
Amuti (1981). Isoketose oligosaccharides were 
found in various asterids, possibly indicating this 
trait is shared by all members of the asterid-eri- 
calean monophyletic group. 

Actinidia has been allied with Dilleniaceae and 
Theaceae (Hutchinson, 1959; Dickison, 197 2b; 
Schmid, 1978b; Cronquist, 1981). Its unitegmic, 
tenuinucellate ovules, and iridoid compounds are 
derived features shared with members of the Cor- 
niflorae—asterid group but not with Dilleniaceae. 
Some Theales share ovular characteristics with Ac- 
tinidia but not its cellular endosperm and iridoids. 
Heel (1987) has shown that androecial develop- 
ment in Actinidia is not strictly centrifugal as 
among some dilleniids, although the putative pres- 
ence of this attribute has been used to place it in 
Dilleniidae. Hallier (1905), Hunter (1966), and 
Takhtajan (1969) allied Actinidia with Ericales; 
this is supported by my results. The branch (Fig. 
2) with Clethraceae, Ericaceae, and Actinidia is 
corroborated by the occurrence of 600-1,000-um- 
long vessel elements, opposite intervessel pitting, 
and imperforate pollen tectum in all three taxa. 
Like other Ericales, the anthers of Actinidia be- 
come inverted. 

The present study significantly demonstrates the 
placement of Asteridae as the sister group of Er- 
icales among taxa recognized by Dahlgren (1980, 
1983) as Corniflorae. Epipetalous stamens may be 
à derived feature shared by all Asteridae, although 
the placement of Pittosporaceae as the sister group 
of Polemoniaceae makes this equivocal. Haploste- 
mony is commonly used to support the hypothesis 
of monophyly of Asteridae, but my results show 
that it originates with “lower” hamamelids and is 
retained in the Corniflorae-asterid group. Diploste- 
mony and polystemony are derived variously in 

Corniflorae—asterid group as well as among the 
core rosids. Corolla connation (sympetaly) unites 
the asterid and ericalean groups, but it also occurs 
in other members of the Corniflorae—asterid group, 
including Alangiaceae, Alseuosmiaceae, Escallonia- 
"eae, and Loasaceae. 

Columellia has been allied with a wide variety 
9f groups (see Stern et al., 1969), ranging from 
asterids (including Gesneriaceae, Loganiaceae, and 
Rubiaceae), “woody saxifrages” (such as Phila- 

elphus and Escallonia), and dilleniids (Cucurbi- 
laceae). My results place Columellia as the sister 
Eroup of Caprifoliaceae. Stern et al. (1969) sug- 
gested that most attributes of Columellia were 
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shared by Escalloniaceae, and experimentally plac- 
ing Columellia as the sister group of Escalloniaceae 
adds three character state changes. Including Col- 
umellia in more inclusive studies with Dipsacales 
and Escalloniaceae may lead to more decisive hy- 
potheses about its placement. 

My results are not consistent with hypotheses 
that Viburnum is more closely related to groups 
other than Caprifoliaceae nor with those (e.g., 
Dahlgren, 1983; Takhtajan, 1987) suggesting that 
Dipsacales, such as Caprifoliaceae, are more close- 
ly related to rosids of the Corniflorae grade than 
to asterids. The monophyly of Columellia, Cap- 
rifoliaceae, and Viburnum is supported by reversals 
in wood attributes, such as a solitary distribution 
of vessels and only true tracheids as imperforate 
elements. Chloroplast DNA data (Donoghue, 1992; 
Downie & Palmer, 1992; Olmstead et al., 1992) 
do support a placement for Viburnum and Sam- 
bucus separate from other Caprifoliaceae (with both 
placed among Asteridae). 

The monophyly of Asteridae as traditionally cir- 
cumscribed (e.g., Cronquist, 1981) is largely sup- 
ported. The results do not support the Jensen et 
al. (1975) hypothesis of a separate rosid origin for 
asterids with iridoid compounds from those without 
iridoids. The asterids without iridoids of the Solana- 
les, Campanulales, and Asterales are placed as a 
monophyletic group nested among the asterids with 
iridoid compounds. The results also do not support 
Takhtajan’s (1987) classification, in which asterids 
are circumscribed in three groups (Dipsacales, La- 
miidae, and Asteridae sens. str.) with separate or- 
igins among the rosid Cornanae. 


CONCLUSIONS AND PROBLEMS FOR 
FURTHER RESEARCH 


This preliminary, exploratory analysis has per- 
tinent results for understanding the phylogeny of 
nonmagnoliid dicotyledons. These include: (1) 
Hamamelidae (sensu Takhtajan, 1980, 1987; 
Cronquist, 1981, 1988) are polyphyletic; (2) “low- 
er” Hamamelidae (e.g., Trochodendrales and 
Hamamelidales) are a grade at the base of the 
nonmagnoliid dicotyledons; (3) Rosidae (sensu 
Takhtajan, 1980, 1987; Cronquist, 1981, 1988) 
are paraphyletic with respect to Asteridae, Dilleni- 
idae, and “higher” Hamamelidae (e.g., Fagales, 
Juglandales, and Casuarinaceae); (4) “higher” 
Hamamelidae appear most closely related to Da- 
vidsonia and Cunoniaceae; (5) monophyly of Dille- 
niidae is not supported; and (6) Dahlgren's (1980, 
1983) Corniflorae are the rosid grade in which 
Asteridae are rooted. 
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Rosidae are central to understanding the phy- 
logeny of nonmagnoliid dicotyledons, and they re- 
quire extensive investigation. Identification of 
monophyletic groups among basal rosids and as- 
certaining their relationship to higher rosid orders 
are crucial. A key step will involve investigating 
the monophyly of Rosaceae by analyzing their re- 
lationships with Chrysobalanaceae, Connaraceae, 
Fabaceae, Rhabdodendraceae, and Surianaceae, as 
well as higher rosid orders. Ascertaining the rela- 
tionships of Engler’s (1930) Saxifragaceae also is 
critical for understanding early evolution in both 
the core rosid group and the Corniflorae-asterid 
group (see Soltis et al., 1990). Additional analyses 
centered on Cunoniaceae (see Hufford & Dickison, 
in press) will be important for better understanding 
relationships of Davidsonia and “higher” Hama- 
melidae on one hand and Rhizophoraceae, Dilleni- 
ales, and Theales on the other. Monophyletic groups 
in Dilleniidae and their relations with rosids remain 
virtually unexplored, but their identification will 
lead to better understanding of the diversification 
of nonmagnoliid dicotyledons. More detailed anal- 
yses of the Corniflorae (sensu Dahlgren, 1983) 
grade of Rosidae will be crucial for understanding 
the relationships of problematic taxa (including ma- 
jor groups such as Ericales and, possibly, Ebenales) 
and the evolution of character suites present among 
Asteridae. Defining a monophyletic Asteridae and 
understanding relationships among their major 
clades also will be contingent on more fully de- 
veloped hypotheses of relationships among taxa of 
the Corniflorae grade. Large, broadly based cla- 
distic analyses will be critical for developing hy- 
potheses of relationship for higher level taxa and, 
especially, problematic groups. 
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APPENDIX 1. Characters and character states used in 
the cladistic analysis. Literature sources of data used in 
the analysis are indicated for each broad group of char- 
acters. 


Nodes and leaves (Bausch, 1938; Cronquist, 1981; 
Dahling, 1978; Dickison, 1975a, b, 1978, 1980, 1987b, 
1989a, b; Dickison & Rutishauser, 1990; Elias, 1971; 
Endress, 1989c; Eyde, 1966; Haskins & Hayden, 1987; 
Henrickson, 1972; Hickey & Wolfe, 1975; Hils et al., 
1988; Hoogland, 1979; Hufford, 1989; Hutchinson, 1959; 
Johnson & Wilson, 1989; Keng, 1962; Kohler & Bruck- 
ner, 1989; Kohler & Schirarend, 1989; Leeuwenberg & 
Leenhouts, 1980; Manning, 1978; Metcalfe & Chalk, 
1950; Pillans, 1947; Puff, 1978a, b; Richardson, 1970; 
Robertson, 1972, 1974; Rutishauser & Dickison, 1989; 
Spongberg, 1972; Stern, 1974, 1978; Styer & Stern, 
1979a, b; Swamy, 1954; Varghese, 1969; Weberling, 
1976; Withner, 1941; Wolfe, 1973, 1989). 


1. Nodes: trilacunar (0), unilacunar (1), multilacunar (2). 
Myrothamnus has the so-called “split lateral" nodal con- 
dition (Howard, 1970, 1979) in conjunction with its 

posite leaves. In this analysis, the split lateral condition 


of Myrothamnus is homologized with the more conven- 
tional unilacunar, one-trace nodes. 


2. Leaf arrangement: alternate (0), opposite (1), whorls 
(2). 


3. Leaf morphology: simple (0), compound (1). 
4. Ascidiate leaves: absent (0), present (1). 
5. Stipules: absent (0), present (1). 


6. Venation: pinnate (0), actinodromous (1), pinnate but 
with basal concentration of laterals (2). 


7. Secondary veins: brochidodromous (0), craspedodro- 
mous (1), semicraspedodromous (2), camptodromous (3) 


8. Stomates: anomocytic (0), laterocytic (1), paracytic 
(2), encyclocytic (3). Connaraceae and Platanaceae are 
coded as question marks because of stomatal variability. 


9. Reproductive short shoots with only a single leaf: absent 
(0), present (1). 


Wood (Baas & 7weypfennig, 1979; Bailey & ber 
1945; Brush, 1917; Carlquist, 1964, 1966, 1969, 19 
1978, 1981a, b, 1982a, b, 1984; Carlquist & E 
1985; Carlquist et al., 1984; Cronquist, 1981; De 
1977, 1978; Dickison, 1967a, 1972a, 1978, l 76 
1986c; Dickison & Baas, 1977; Giebel & Dickison, we 
Hall, 1952; Haskins & Hayden, 1987; H I 
Heimsch & Wetmore, 1939; Heimsch € T 
Hils et al, 1988; Ingle & Dadswell, 1986; 
Moseley, 1978; Keng, 1962; Koek-Noorman, 
Marco, 1935; Metcalfe & Chalk, 1950; Moseley, 
Moseley & Beeks, 1955; Nast & Bailey, 1946; Lann 
1973; Record, 1938a, b, 1942; Stern, 1974, nae 
et al., 1969; Styer & Stern, 1979a, b; Swamy 
1949; Tang, 1932; Tippo, 1938; Vliet, 1976). 


Keele & 
1969; 
1948: 


10. Conducting elements: only tracheids (0), vessels 9f 
vessels and tracheids (1). 


-corm with man? 
11. Vessel element perforations: all scalariform 

bars (220) (0), all or most scalariform with few un 
(« 20)(1), all or most simple and those that are 

with few bars (2). 


(0% 
12. Vessel element length: long (most > 1,000 um) 
moderate (600-1,000 um), (1), short 600 sel! 
(2). 


0% 
13. Vessel element diameter: narrow (most Fem ler 
moderate (60-100 um) (1), wide (most >1 


. scalariform (0), scalariform a? 


14. Intervessel pitting te (3), alternate 


m (1), opposite (2), opposit 


E 
15. Vessel distribution: solitary (0), mostly bare (1 
some clusters and some pairs and/or radial volitary 
mostly radial multiples and clusters with few 
ro 
16. te elements: only true vache (E in 
tracheids and fiber-tracheids (1), only fiber 
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fiber-tracheids and libriform fibers (3), only libriform fibers 
(4), variable with true tracheids, fiber-tracheids and li- 
briform fibers (5). Character state definitions follow 
Carlquist (1988). Coding for Alseuosmia is based on Dick- 
ison's (1986c) characterization of the pits as “indistinctly 
bordered or simple" rather than on Carlquist (1988), who 
described the imperforate elements as true tracheids, 


17. Imperforate element length: long (most > 1,500 um) 
(0), moderate (most 500-1,500 um) (1), short (most 
<500 um) (2). 


18. Type of rays: heterogeneous type I (0), heterogeneous 
type IIA (1), heterogeneous type IIB (2), heterogeneous 
type III (3), paedomorphic type I (4), paedomorphic type 
Il (5), paedomorphic type III (6), homogeneous type 1 
(7). Character states based on definitions in Carlquist 
(1988). Linales, Celastrales, Rhamnales, and Myrtales are 
coded as question marks because of variability. 


19. Rays with secretory canals: absent (0), present (1). 
20. Ray cells with gum deposits: absent (0), present (1). 


Flowers (Bange, 1952; Beamish & Lin, 1965; Bensel 
& Palser, 1975a, b, c; Bhandari, 1971; Bogle, 1986, 
1989; Brizicky, 1961; Brouwer, 1924; Burkett, 1932; 
v mem 1953; Cronquist, 1981; Cuatrecasas, 1970; 

, 1975; Dahling, 1978; Daumann, 1974; Davis, 

1966; Dickison, 1968, 1970, 1971, 1972b, 19754, c, 
1978, 1986a; Dnyansagar, 1955; Elias, 1971; Endress, 
1969, 1977, 1986, 1989a, b, c; Eyde, 1964, 1968, 
1988; Eyde & Tseng, 1971; Flores & Moseley, 1982; 
Gardner, 1978; Gaumann, 1919; Graham et al., 1987; 
Gusejnova, 1976; Harms, 1930; Heel, 1987; Herr & 
Dowd, 1968; Hils et al., 1988; Hjelmquist, 1948, 1957; 
Hufford & Endress, 1989; Hutchinson, 1927, 1959; 
Jiger-Ziirn, 1966; Johansen, 1936; Juncosa & Tobe, 
1988; Kapil & Vani, 1963; Kaul & Kapil, 1974; Ka- 
valjian, 1952; Keng, 1962; Klopfer, 1973; Langdon, 
1939; Lawrence, 1951; Leeuwenberg, 1969; Manning, 
1978; Maguire, 1978; Mauritzon, 1936; Mohana Rao, 
19722, b; Mohrbutter, 1936; Moore, 1948; Morf, 1950; 
Nagaraja Rao, 1957; Nair & Abraham, 1962; Nair & 
Sarma, 1961; Narayana, 1975; Narayana & Radhakrish- 
naiah, 1976; Narayana & Rao, 1971; Narayana & Sun- 
dari, 1972; Nast & Bailey, 1945; Palser et al., 1989; 
1970; Pillans, 1947; Prakash & McAlister, 

1977; Puff & Robbrecht, 1989; Robertson, 1972, 1974; 
Sastri, 1958; Schlechter, 1920; Schmid, 1978b; Shreve, 
1906; Singh, 1959, 1961; Sleumer, 1968; Small & Ryd- 


1905; Souéges, 1936; 1971. 1972, 
1978; Stern et al, 1969; Subra Rao, 1941; Swamy, 
1948b. Swamy & Bailey, 1949; Szyszylowicz, 1895; 


Tandon & Herr, 1971; Tieghem, 1903; Tobe & Raven, 
1983, 1987, 1988a; Uhl, 1964; Wiggins, 1959; Wil- 

1944, 1948a, b, c, 1949: Wilson, 1965, 1973; 
Wunderlich, 1959). 


21. Plant sex distribution: bisexual (0), monoecious (1), 
thoecious (2). 


22. Floral phyllomes: unicyelic (0), bicyclic (1). Euptelea, 
Hamamelidaceae subfamily 
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are coded as question marks because of the ambiguous 
homology of the floral phyllomes. 


23. Perianth merosity: numerous and helical (0), pentam- 
erous (1), tetramerous (2), few and irregular (3). 


24. Calyx connation: absent (0), present (1). 
25. Corolla connation: absent (0), present (1). 
26. Hypanthium: absent (0), present (1). 


27. Nectary: absent (0), abaxial gynoecial surface (1), 
disc (2), perianth (3). 


28. Androecial pattern and merosity: helical polyandry 
(0), haplostemony (1), complex polyandry with 11-20 
stamens (2), complex polyandry with >20 stamens (3), 
diplostemony (4), centrifugal polyandry (5). 


29, Epipetalous stamens: absent (0), present (1). 
30. Anther insertion: basifixed (0), dorsifixed (1). 


31. Stomial pattern: no bifurcations (“linear”) (0), bifur- 
cated proximally and/or distally (1). Pores are considered 
to be derived from unbifurcated stomia. 


32. Carpel number: > five (0), five (1), four (2), three 
(3), two (4), one (5), variable one~five (6). 


33. Carpel insertion: superior (0), only extreme base in- 
ferior (1), basal half inferior (2), mostly to completely 
inferior (3). 

34. Carpel stipitation: absent (0), present (1). 

35. Carpel connation: distinct (0), base of ovaries connate 


(1), ovaries completely connate and base of styles may 
be connate (2), ovaries and styles completely connate (3). 


36. Style: eccentric peak of ovary (0), intercalated (1), 
absent (2). 


37. Stigma position: decurrent (0), localized on stylar apex 
(1). 


38. Placentation: marginal and/or axile (0), axile-apical 
(1), axile-basal (2), parietal (3). 


39. Ovules per carpel: many (> 10) (0), few and variable 
(1-10) (1), strictly one (2), strictly two (3), one per gy- 
noecium (with more than one carpel) (4). 

40. Orthotropous ovules: absent (0), present (1). 

41. Integument number: two (0), one (1). 

42. Nucellus: crassinucellate (0), tenuinucellate (1). 


43. Entrance of pollen tube: porogamy (0), chalazalogamy 
(1) 


44. Endosperm formation: ab initio cellular (0), nuclear 
(ih 
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45. Endosperm persistance: persists and copious (0), per- 
sists but scanty (1), does not persist (2). 


Chemistry (Bate-Smith, 1973, 1977; Bohlmann et al., 
1973; Challice, 1981; Cronquist, 1981; Crowden, 1969; 
Dahlgren et al., 1976; Elsworth & Martin, 1971; Ger- 
shenzon & Mabry, 1983; Giannasi, 1986; Gornall et al., 
1979; Jay, 1967, 1968a, b, 1969; Jay & Lebreton, 
1972; Jensen et al., 1975; Lebreton & Bouchez, 1967; 
Romeike, 1978; Sainty et al., 1981; Smith et al., 1977; 
Sorenson, 1977; Tatsuno & Scogin, 1978). 


46. Iridoids: absent (0), present (1). 

47. Polyacetylenes: absent (0), present (1). 
48. Myricetin: absent (0), present (1). 

49. Ellagic acid: absent (0), present (1). 

50. Proanthocyanins: absent (0), present (1). 
51. Oil cells: absent (0), present (1). 


Pollen (Avetisian, 1975; Basak & Subramanyan, 1966; 
Bremer, 1987; Chao, 1954; Crepet, 1989; Cronquist, 
1981; Dahling, 1978; Dickison, 1967b, 1979, 1987a; 
Dickison & Baas, 1977; Donoghue, 1985; Endress, 1986; 
Erdtman, 1952; Franks & Watson, 1963; Ham, 1988; 
Ham & Heuven, 1989; Henrickson, 1967; Hideux & 
Ferguson, 1976; Huynh, 1969; Kohler, 1980; Kohler 
& Bruckner, 1989, 1990; Maguire, 1978; Mason, 1975; 
Muller, 1969; Nixon, 1989; Nowicke, 1966; Puff & 
Robbrecht, 1989; Punt, 1978; Reitsma, 1966, 1970; 
Robertson, 1974; Robbrecht & Puff, 1986; Saad, 1961, 
1962; Schmid, 1978a; Shoup & Tseng, 1977; Sohma, 
1963, 1967; Stone & Broome, 1971, 1975; Stuchlik, 
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1967; Taylor & Levin, 1975; Thanikaimoni & Vasanthy, 
1972; Tseng & Shoup, 1978; Venkata Rao, 1965; Vezey 
et al., 1988; Walker, 1976a, b; Whitehead, 1965; Yang, 
1952; Zavada & Dilcher, 1986). 


52. Pollen size: most 20-30 um or 230 um (0), most 
«20 um (1). 


53. Aperture length : width ratio: 1 : 1 (0), 25:1 üy»3:l 
(2). Apertures with a length : width ratio of 1:2 appear 
to be derived within Juglandaceae and Myricaceae. 


54. Ectoaperture termini: rounded (0), pointed (1). 
55. Endoaperture: absent (0), present (1). 


56. Primary tectal sculpture: reticulate (0), striate (1), 
clavate (2), rugate (3), spinulose/scabrate (4), vermiform 
(5), psilate (6), verruculate (7), foveolate (8). 


57. Secondary tectal sculpture: smooth (0), papillate (1) 


58. Tectal structure: columellate (0), granular (poorly 
developed columellae) (1). 


59. Tectal perforations: semitectate (0), tectate perforate 
(1) imperforate (2). The intectate Myrothamnus was 
coded as a question mark. 


i i 1970; 
Fruit (Cronguist, 1981, 1988; Cuatrecasas, 1: 
Dickison, 1984; Endress, 1989a; Gilg, 1895a, b; (ac et 
al, 1988; Hoogland, 1952; Hutchinson, 1959; keng. 
1962; Sleumer, 1968; Urban & Gilg, 1900). 


Ma :cidal 
60. Fruit type: follicle or septicidal capsule (0), loculici 
capsule (1), nut or samaroid nutlet (achene) (2), fleshy 
(berry) (3). 


O A. pw 


